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ABSTRACT 



Context. Poorly-populated star clusters may have photometric and structural properties not much different from aster- 
isms, to the point that, in some cases, widely-used databases present conflicting classifications. 

Aims. We investigate the nature of a sample of challenging targets that have been classified either as star clusters or 
asterisms in different studies. A few objects are studied for the first time. 

Methods. The analysis employs 2MASS photometry, field-star decontamination, to enhance the intrinsic colour- 
magnitude diagram (CMD) morphology, and colour-magnitude filters, for high contrast stellar radial density profiles 
(RDPs). 

Results. Based on properties derived from field-star decontaminated CMDs, and structural parameters from RDPs, we 
find that Pismis 12, IC 1434, Juchert 10, Ruprecht30, NGC3519, Herschell, Mayer 1, and Muzzio 1 are open clusters 
with ages within 5Myr - 1.3 Gyr. Ruprecht 129, 130, 140, and 146 are borderline cases, being rather poorly-populated, 
with evolutionary sequences and RDPs suggesting star clusters. Dolidze39, BH79, and Ruprecht 103, have CMDs and 
RDPs typical of asterisms. 

Conclusions. When a low stellar population is associated with a dense field contamination and/or important differential 
reddening, only a thin line separates star clusters and asterisms. These cases require specific analytical tools to establish 
their nature. 

Key words. ( Galaxy:) open clusters and associations: general; ( Galaxy:) structure 



1. Introduction 

Establishing the cluster nature of a stellar overdensity re- 
quires meeting criteria stemming from two different per- 
spectives, one related to the spatial distribution of the stars, 
and the other to the colour-magnitude diagram (CMD) 
" morphology. In short, a star cluster's overdensity should 
I be spatially extended and present a CMD morphology sig- 
■ nificantly different from that of the field stars. Otherwise, 
' it may simply be a statistical fluctuation of the field or a 
low-absorption window, a so-called asterism. 

Usually, a star cluster's overdensity distributes radially 
from its centre following an analyt ical p r ofile, such as the 
' single-mass, isothermal spheres of iKingl^ (Il962t)^ and |Kind 
(|l966l ), the modified isothermal sphere of Wilson ("1975*), or 
the power-law with a core of Elson, Fall & Freeman (1987). 
However, this expectation does not necessarily apply to 
clusters in all scales. Faint and/or poorly-populated star 
clusters may have a stellar radial density pr ofile (RDF) that 
does not follow any analytical profile (e.g. 'Bonat to fc Bical 
l2QQ8b). Instead, the very poorly-populated ones may have 
an RDP characterised essentially by a central overdensity 
together with significant noise outwards, typical features of 
an asterism (e.g. Fig. 9 of lBonatto fc Bica 2QQ8b) . In these 



Send offprint requests to: C. Bonatto 
Correspondence to: charles@if.ufrgs.br 



cases, only the CMD morphology may provide clues to the 
overdensity nature. 

With respect to the photometric properties, the 
Galactic open clusters (OCs) vary a lot in CMD morphol- 
ogy, such as the presence of evolutionary sequences rang- 
ing from a ^ 1 Myr to a few Gyr (e.g. iBonatto fc Bical 
l2QlQbl : IBonatto fc Bical l2010cD . including here the very 
young embedded (in gas and dust) clusters (ECs), which 
have CMDs dominated b y pre- main sequence (PMS) stars 
(e.g. lOrtolani et al.l [20081 ). These clusters can also present 
significant differences in terms of observable stellar mag- 
nitude ranges, the amount of stellar fore/background con- 
tamination, as well as foreground and internal differential 
reddening (especially the ECs). All these aspects should be 
taken into account when identifying and characterising a 
star cluster. 

Several approaches have been employed to 
cope with these difficulties, adapted to the avail- 
able photometric range, but usually in th e opti- 
cal or near i nfrared (e.g. [Bonatto fc Bica" '2010bl; 
iMonteiro. Dias fc Caetanol [ 2010 [ : ,A lessi, Moitinho fc Dia^ 
'20091: ISubramaniam, Carraro fc Janesll2010f ). For instance, 
it is common to find works based on (i) extracted 
CMDs withou t appl ying field star decontamination (e.g. 
Ortolani et al.' 2005), (ii) proper motion- filtering (e.g. 
Dias et al. 2006) or, fiii) CMD field decontamination 
(e.g. [Bonatto fc Bical l2010b[ ). Historically, optical cluster 
parameters were the main source of information, but in 
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recent years the near-infrared, using mostly the uniform 
2MASy3, has become a major data input, especially for 
reddened clusters. Our group, in particular, has been 
employing 2MASS CMDs and RDPs built with statis- 
tical field decontamin ation and colour-magnitude filters 
([Bonatto fc Bicall2QQ7[ ). We have studied clusters in differ- 
ent evolutionary stages, since EC formation in complexes 
([Saurin. Bica fc Bonattol l2QlQt) to their eventual dissolu- 
tion [e.g. iBica. Bo natto fc Dutral I2QQ8I : iBonatto fc Bical 
l2QQ9bi : lBonatto fc B ica 2010g?). The respective photometric 
and structural parameters, have been shown to constrain 
the study of particular targets. 

Different targets, in general, require analyses with par- 
ticular approaches, until getting a clear picture of their 
nature. However, when the targets are poorly-populated, 
which applies to most Galactic OCs and ECs, the star clus- 
ter characterisation would further require: (i) di cluster na- 
ture determination for the first time by means of derivation 
of fundamental and structural parameters, and (ii) two or 
more studies on the same object to allow for parameter 
comparisons and consistency checks. 

OC parameters are assembled in two comprehen- 
sive and frequently updated databases, WEBDAQ and 
the "Catalog of Optically Visible Open Clusters and 
Candidates" (DAML02) 0. In some cases, objects have 
conflic ting classifications i n bot h databases. In this re- 
spect, iPaunzen fc Netopil (|2QQ6[ ) inspected the status of 
OC parameters among different studies, finding 72 stan- 
dard ones with well-determined and consistent values. 
Their analysis invokes the need of repeated cluster stud- 
ies to assess the external error of a given parameter. 
Thus, it is important to derive accurate parameters for 
newly studied clusters and revisit ambiguous ones with 
different approaches. Such an effort, in turn, would con- 
stantly replenish the OC databases with updated parame- 
ters, which is fundamental to obtain external errors. This 
also would allow assessing OC statistica l properties (e.g. 
'Bonatt o et aIll2QQ6l : [Piskunov et al.ll2QQ9[ ). and help deepen 
studie s related to star cluster formation an d evolution (e.g. 
^rtegies-Zwart. McMillan fc Gielesll2QlQ[ ). 

In the present study we focus on 15 challenging stellar 
concentrations, in general very field-contaminated and/or 
absorbed, and either indicated as OC or asterism in previ- 
ous studies, if any. We analyse the targets with 2MASS data 
and the tools that we have developed to explore the field- 
star distribution and/or reddening variations in the area, 
in view of finding further evidence to confirm or discard 
any cluster. We propose that such borderline objects can 
be used as a measure of "cluster nature reproduceability" 
among differen t studies, which may be ta ken as a counter- 
part to that of'Paunzen fc Neto^ (|2006D. 

This paper is organised as follows. In Sect. [2] we present 
literature data on the present object sample. In Sect. [3] 
we discuss the 2MASS photometry and build the field-star 
decontaminated CMDs. In Sect. |4] we derive fundamental 
parameters. In Sect. [5] we estimate structural parameters. 
In Sect. [6] we discuss the nature of the objects according to 
our analyses, and provide our concluding remarks. 



^ The Two Micron All Sky Su rvey All 
Sky data release (Skrutskie et al.l 119971 1 
http :/ / www. ipac. caltech. edu/2mass / rel eases/ allsky / ^ 

^ www.univie.ac.at/webda 

^ www.astro.iag.usp.br/ wilton 



2. Previous Results 

In Table [T] we condense identification data for the targets, 
arranged according to the final classification (Sect. [6]). Most 
of the equatorial and Galactic coordinates, as well as an- 
gular diameters, were optimised from those in the original 
catalogues, by means of visual inspections of digitised sky 
survey DSS and XDSS imagefl The data in Table [1] are im- 
portant as input values for the subsequent analyses, since 
exceedingly large offsets may affect the convergence of the 
results. DSS or XDSS images of the targets are shown in 
App.lAl In App.lBlwe show near-infrared images of the red- 
dened clusters Mayer 1, Muzzio 1, and Juchert 10. Below we 
discuss what the literature contains about the selected tar- 
gets. 

2.1. Seven Ruprecht targets 

Ruprecht objects tend to be relatively faint and field con- 
taminated. They are listed in the cl assical early cata - 
logue cont aining OCs and c a ndidate s bv lAlter et al.l (|197Q[ ). 
Recently, iBonatto fc Bical (|2010c) studied 15 such ne- 
glected Ruprecht clusters using the present method to de- 
termine their fundamental and structural parameters. We 
now extend the analysis to 7 additional Ruprecht objects 
(hereafter Ru) with dubious classifications, in view of con- 
str aining their properties. 

iPiatti fc ClaTiil (|2QQlbD studied Ru 103, 129, and 146 
with BVI photometry concluding that the CMDs do not 
contain clear evolutionary sequences, and stellar counts do 
not not show any significa nt contrast with respec t to the 
background field. Likewise. iPiatti fc Clarial (|2QQlal ) did not 
find any meaningful CMD sequence in the optical range for 
Rul40. They concluded that these objects are asterisms, 
which would be consistent with the rich disk and/or bulge 
fields against which they are projected (Table [T]). 

The coordin ates of the stellar concentration NGC3519 
(SinnottI 119881) have Ru9 3 as c ounterpart in the OC 
catalogue of lAlter et aD (|l97Qf ). The object is also 
present in the ESQ /Upp sala catalogue (jLaubertsI Il982[ ). 
Kharchenko et al.l (|2QQ5al ) derived the distance from the 
Sun dQ = 1.4 kpc and the age ^ 440 Myr for NGC3519. 
However, [Ch eon. Sung fc Besseh (2010), using optical pho- 
to metry concluded that n o cluster was located in the area. 

iPiatti. Claria fc Bical (pQQO ) studied Ru 130 by means of 
BVI photometry and optical integrated spectra, and con- 
cluded it to be an OC at dc:) = 2.1 kpc and 50 ± 10 Myr 
of age. Pa unzen et al.l (|2006f ) found d^ = 1.8 kpc and 
80 ± 20 Myr of age. Similarly to Rul29, Ru 130 has a re- 
markable background field, which is consistent with the 
angular separations of only 0.76° and 1.2°, respectively 
from the Galactic centre. The populous and very absorbed 
central bulge is challenging for any analysis method. The 
present near-infrared tools, with emphasis on field star de- 
contamination, are particularly performing in such cases, 
especiall y with the us e of colour-magnitude filters (e.g. 
Bonatt ojL-Bicall20Q8bl). 

IVazauez et al.l (|2008D derived d^ = 1.3 ± 0.2 kpc and 
60=bl5Myr of age for Ru30. However. ICarraro et al.l (|201QD 
studied the stellar field in the direction of Ru 30 concluding 
that no cluster is present. 



^ Extracte d from the Canadian Ast ronomy Data Centre 
(CADC), at ^http://ca dcwww.dao.nrc.ca/\ 
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Table 1. General data on the targets 



Literature or improved from DSS/XDSS images This work 



Name 




b 


a(2000) 


(5(2000) 


D 


Other Designations 


a(2000) 


(5(2000) 


Age 


Av 


dQ 




n 


n 


(hms) 




(0 




(hms) 




(Myr) 


(mag) 


(kpc) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


10) 


(11) 


(12) 


Open clusters 


IC 1434 


99.93 


-2.67 


22:10:22 +52:51:30 


6 


Mel 239, Cr445, OCl-223 


22:10:33.4 +52:50:33.7 


800 ± 100 


0.4 + 0.1 


2.6 + 0.6 


Mayer 1 


119.46 


-0.92 


00:22:03 +61:44:57 


6 


OCl-288.1 


00:21:54.0 +61:45:32.0 


- 10 


2.0 + 0.5 


2.2 + 0.5 


Herschel 1 


219.35 


+12.35 07:47:02 +00:01:06 33 


ADS 6366, ASCC41, FSR1141 


07:47:02.0 +00:01:17.2 


300 ± 100 


0.4 + 0.3 0.35 + 0.05 


Ruprecht 30 


246.42 


-4.04 


07:42:25 


-31:28:21 


6 


OCl-687, ES0 429SC15 


07:42:26.5 


-31:27:54.7 


400 ± 100 


1.2 + 0.5 


5.4 + 1.3 


Muzzio 1 


267.96 


-1.30 


08:58:04 


-47:41:20 


11 


FSR1456 


08:58:03.2 


-47:42:16.5 


- 5 


3.2 + 0.5 


1.3 + 0.3 


Pismis 12 


268.63 


+3.21 


09:20:00 


-45:06:55 


7 


OCl-765, BH62, ES0 261SC5 


09:20:00.3 


-45:06:54.2 


1300 ± 300 


1.5 + 0.3 


1.9 + 0.3 


NGC3519 


290.43 


-1.12 


11:04:07 


-61:22:06 


5 


Ru93, OCl-844, ESO 128SC30 


11:04:09.6 


-61:22:30.0 


400 ± 100 


1.0 + 0.3 


2.0 + 0.5 


Juchert 10 


316.00 


-0.29 


14:40:16 


-60:22:20 


4 


GLP-53, FSR1686, SAI121 


14:40:18.6 


-60:22:51.5 


800 ± 200 


6.4 + 0.6 


3.2 + 0.8 


Borderline cases 


Ruprecht 140 


0.04 


-8.85 


18:21:51 


-33:12:38 


4 


OCl-1, ES0 395SC1 


18:21:56.2 


-33:12:32.0 4000 ± 1000 0.0 ± 0.3 


3.5 + 0.8 


Ruprecht 146 


14.10 


-9.66 


18:52:31 


-21:04:55 


4 


OCl-39, ES0 592SC4 


18:52:30.8 


-21:04:41.5 


1000 ± 300 


1.9 + 0.3 


1.9 + 0.4 


Ruprecht 130 359.23 


-0.95 


17:47:33 


-30:05:28 4.5 OCl-1034, BH 247, ES0 455SC41 


17:47:32.9 


-30:05:12.2 


100 ± 50 


7.3 + 0.3 


0.9 + 0.2 


Ruprecht 129 359.59 


-0.64 


17:47:12 


-29:37:10 


8.5 


OCl-1037, ESO455SC40 


17:47:11.5 


-29:35:24.0 


500 ± 100 


3.2 + 0.3 


2.7 + 0.6 


Probable asterisms 


Dolidze 39 


75.51 


+1.52 


20:16:04 +37:53:27 15 


OCl-159 


20:16:04.0 +37:53:27.0 








BH 79 


277.01 


-0.10 


09:43:41 


-53:15:00 


8 




09:43:43.7 


-53:14:50.2 








Ruprecht 103 298.28 +4.13 


12:16:57 


-58:25:35 


4 


OCl-876, ESO130SC11 


12:16:57.8 


-58:25:47.2 









Table Notes. Col. 6: diameter estimated from CADC Sky Survey images; Col. 12: distance from the Sun. Cluster acronyms: Mel = Mellote, 



Cr = CoUinder, CLP = GLIMPSE. 



2.2. Three targets from the sample o f 
iMacieiewski & Niedzielskl 1^200^) 

iMacieiewski fc Niedzielskil (|2QQ8[ ) combined BV and 
2MASS photometry with proper motions to analyse doubt- 
ful OCs. They concluded that Dolidze 39, IC 1434, and 
Mayer 1 were composed of physically unrelated stars. 
However, by means of proper motions, DAMLQ 2 finds that 
Dolidze 39 is an OC at = 1.4 kpc. iTadrossI (|2QQ9[ ) em- 
ployed 2MASS photometry without field decontamination 
and indicated that IC 1 434 is an OC at ( icT) = 3.0 kpc 
and with 320 Myr of age. iKharchenko et al.l (|2005al ), using 
2MASS data and proper motions, concluded that Mayer 1 
is a cluster of 55 Myr of age, located at 1.4 kpc from the 
Sun, and reddening E{B — V) = 0.4. 

We note that Dolidze 39 is apparently related to a neb- 
ula. It is projected on the Cygnus OB 1 Association. We will 
check in particular if PMS stars occur in the area, which 
would be consistent with the young age. Mayer 1 has faint 
extended nebulosities in the area, both in B and R CADC 
images. Again, PMS stars may be present. 

2.3. Additional targets 

Herschel 1 was found by John Herschel (|Herschelll 18271 ) and 
described as a triple star in a small cluster. This stellar con- 
centration was probably not included in the later catalogues 
of non-stellar objects because of his focus at the time on 
the double star catalogue. The triple star was also included 
in the double star catalogue of I AitkenI (|1932[ ) as the triple 
ADS 6366. SIMBAEB hsts the ADS members as HD 63065 
(spectra l type B9), BD+0 2080 f A2), and BD+00 2079C 
(F5IV). IKharchenko et al.l (|2005bh concluded it to be an 

^ \http:/ /simbad. u-strashg.fr /simhad/\ 



OC with 275 Myr of age, located at 370 pc from the Sun, 
and reddening E{B — V) = 0.02. The object is also in- 
cluded in the FSR survey (jFroebrich. Scholz fc Raftervl 
l2007). Herschel 1 has a detached core, which makes it an 
interesting target for a detailed structural analysis. 

Juchert 10 was reported in the optical by M. Juchert. 
A private communication of M. Kronberger to DAML02 
in 2005 indicated it as an asterism. The object was as 
well detected as a GLIMPSE cluster in the far infrared 
(Mercer et al.ll2005D . GLIMPSE clusters are also referred 
to as Mercer and [M CM2005b] clusters (e.g. iHanson et al.l 
I2OIOI : iKurtev et al][20Q7i). The object has recently been 
detected i n the FSR (iFroebrich. Scholz fc Raftervl 120071 ) 
and SAI (|Glushkova et al.l 12010) surveys. The latter au- 
thors found an age of ^ 900 Myr, E{B - V) = 1.48, and 

dQ = 4.02 k pc. 

UZZl 3 11979) communicated Muzzio 1 as a new OC, 
possibly related to RCW38 in Vela. From UBV photome- 
try, he derived a distance of = 1.7 kpc for Muzzi o 1 . 

Th e cluster Pismis 12 was found in the survey of lPismisI 
(|l959t ). Despite being relatively bright (App. |A|). it has not 
been studied so far (WEBDA; D AML02). 

BH 79 was first reported by Ivan den Bergh fc HagenI 
(|l975f ). They communicated a cluster seen in red plates, 
but not so clearly in the blue. It was concluded to be poor 
with an angular diameter of 2.5'. We point out that a faint 
stellar concentration (Table [1]) is very close to the original 
coordinates, and we probe its nature. 



3. Photometric analysis 

2MASS provides an all-sky coverage, together with spatial 
and photometric uniformity. These properties are essential 
for wide angular extractions that, in turn, can be used for 
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statistically characterising the colour and magnitude dis- 
tribution of the field stars (Sect. [3]) and determining the 
background level (Sect. [5]). Thus, to meet these criteria, the 
photometry for each target was extracted from VizieRlj in a 
wide circular field of radius i^ext = 60 — 90', varying accord- 
ing to each case. As a photometric quality constraint, only 
stars with J, and Ks errors lower than 0.1 mag are used. 
Reddening corrections are based on the absorption relations 
Aj/Av = 0.276, Ah/Av = 0.176 AkJAv = 0.118, and 
At = 2.76 X E{J - H) given bv iDutra. Santiago fc Bical 
(l2002f). with Ry = 3.1, cons i derin g the extinction curve of 
ICardelli. Clavton fc MathisI (|1989[ ). 

The first step for correctly characterising the photomet- 
ric and structural properties of a star cluster is to find its 
actual centre, i.e., the maximum of the overdensity pro- 
duced by member stars. To do this, we (i) download the 
photometry centred on the input coordinates (cols. 4 and 
5 of Table [I]), (ii) build the RDP (Sect. O for deriving a 
first estimate of target size {R = i^RDp) and location of 
the comparison field {Rfsi ^ R ^ Rfs2)^ (i'li) build the 
decontaminated (Sect. 13. ip CMD of the region R <^ i^RDP, 
(iv) re-compute the central coordinate^, now with the de- 
contaminated photometry, and (v) repeat steps (i) - (in) 
for the new central coordinates. Usually, there are small dif- 
ferences between our coordinates (cols. 8 and 9 of Tabled]) 
and the input ones. The efficiency of this approach can be 
assessed by the shape of the resulting RDPs (Fig. [5l All 
cases present a rather high central density dropping rela- 
tively smoothly outwards. 

CMDs extracted from a region that contains most of 
the stars (see the respective RDP - Sect. [5]) of each tar- 
get are shown in Figs. [T] to |4] top panels). These CMDs 
should be compared to those extracted from equal-area 
offset field^ (middle panels). Except for a few cases (e.g. 
Pismis 12, IC 1434, and Muzzio 1) where a cluster sequence 
shows up, it is clear that the field contamination has to 
be taken into account for a proper characterisation of the 
target. 

3.1. Decontaminated CMDs 

Our group has been developing a set of analytical tools 
for disentangling cluster evolutionary sequences from field 
stars in CMDs. In turn, decontaminated CMDs have been 
used to investigate the nature of star cluster candidates and 
derive their astrophysical parameters. Briefiy put, field-star 
decontamination is used to uncover the intrinsic CMD mor- 
phology (essential for a proper derivation of reddening, age, 
and distance from the Sun), and colour-magnitude filters 
are applied for building intrinsic stellar RDPs. In particular, 
the use of field-star decontamination with 2MASS photom- 
etry in the construction of CMDs has shown to constrain 
age and distance significantly more than the observed pho- 
tometry, e specially for low-la titude and /or bulge-projected 
OCs (e.g. [B ica. Bonatto fc Camargo 2008, and references 
therein). We apply the decontamination algorithm devel- 



^ \http: //vizier. u- strasbg.fr/viz-bin/VizieR 9-source =II/246\ 
^ In the present approach, the centre corresponds to the co- 
ordinates that produce the smoothest stellar RDP and, at the 
same time, the highest density in the innermost region. 

^ The equal-area field extractions are used only for qualitative 
comparisons, since the decontamination algorithm uses a wide 
surrounding area (Sect.[3l). 



Pismis12 (R=4') 101434 (R=4') JuchertIO (R=2.5') Ru30 (R=3') 

7 I I I 
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0.5 1 0.4 0.8 1.2 0.5 1 1.5 2 2.5 0.5 1 1.5 

(J-Ks) (J-Ks) (J-K3) (J-K3) 



Fig. 1. CMDs of Pismis 12, IC 1434, Juchert 10, and Ru30, 
for a representative cluster region (top panels) and the 
equal-area comparison field (middle). The decontaminated 
CMDs (bottom) are shown together with the isochrone so- 
lution (solid line) and the colour-magnitude filter (shaded 
polygon). Note that, for most stars, the error bars are 
smaller than the symbol. 

oped in 'Bonatto fc Bical (|2007[ lFI. For clarity, we provide a 
brief description below. 

Assume that the region to decontaminate is located 
within R = Rcmd- The algorithm starts by dividing the 
full range of magnitude and colours of a CMD into a 3D grid 
of cells with axes along the J magnitude and the (J — H) 
and {J — Kg) colours. Then, for each cell it computes the 
total (member+field) number-density of stars, r]tot (for 
R ^ Rcmd)^ and estimates the field- star number-density, 
rjfs (for Rfsi ^ R ^ Rfs2)- Next, it computes the ex- 
pected number-density of member stars, r]mem = Vtot — Vfs^ 
converts the number-density r]fs into the estimated num- 
ber of field stars, and subtracts it from each cell. Finally, 
after subtraction of the field stars, the remaining A^^fean 
stars in each cell are identified for further use (see below). 
Photometric uncertainties (assumed to be Gaussian) are 
explicitly taken into account: we compute the probability 
of a star of given magnitude and colours to be found in a 
any cell (i.e., the difference of the error function computed 
at the cell's borders). Initially, cell dimensions are A J = 1.0 
and A( J - H) = A( J - Ks) = 0.2, but ceh sizes half and 

^ A summary of different decontamination approaches is given 
in lBonatto fc Bical (|2009al ). 
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NGC3519(R=5' 




0.5 1 1.5 2 0.5 1 
(J-Ks) (J-K3) 



0.5 1 1.5 0.5 1 1.5 2 2.5 
(J-K3) (J-K3) 



Fig. 2. Same as Fig. □ for NGC3519, Herschell, Mayer 1, 
and Muzziol. PMS tracks correspond to the ages (from 
top to bottom) 0.2, 1, 5, and lOMyr in Muzziol, reaching 
to 20Myr in Mayer 1. A reddening vector for Ay = to 
Av = 5 is shown in the CMDs of Mayer 1 and Muzzio 1. 



Fig, 

130, 



0.5 1 1.5 0.4 0.8 1.2 0.5 1 1.5 20 0.5 1 1.5 
(J-K3) (J-K3) (J-K3) (J-K3) 

3. Same as Fig. [T] for the hmiting cases Ru 140, 146, 
and 129. 



twice those values are also used. We also apply shifts in the 
grid positioning by ±1/3 of the respective cell size in the 
2 colours and magnitude axes. When all the different se- 
tups are used, the number of independent decontamination 
outputs amounts to 729. 

Each setup results in a total number of member stars 

Nmem = Y^cell ^ cleans ^"^^ average of Nmem OVCr all SC- 

tups produces the expected total number of member stars 
{Nmem)' Each star (identified above) is ranked according 
to the number of times it survives after all runs (sur- 
vival frequency). Only the {Nmem) highest ranked stars 
are considered cluster members and transposed to the re- 
spective decontaminated CMD. The difference between the 
expected number of field stars (usually fractional) and 
the actual number of stars (integer) subtracted from each 
cell, summed over all cells, is the subtraction efficiency 
(Further details on th e decontamination statistics are in 
iBonatto fc Bical [20071 ). The above setup, applied to the 
present targets, resulted in subtraction efficiencies higher 
than 95%. The decontaminated CMDs are shown in the 
bottom panels of Figs. [1] to HI 



4. Derivation of fundamental parameters 

Fundamenta l parameters are derived with Padova 
isochrones (iGirardi et all [2P02)[3- The isochrones of 
ISiess. Dufour fc Forestinr(|2Q00i) are used for character- 
ising the PMS stars. With respect to metallicity, the 
difference between, e.g. solar and half-solar metallicity 
isochrones for a given age is small, to within the 2MASS 
photometric uncertainties (|Bonatto fc BicalbolObt ). Thus, 
we adopt the solar metallicity isochrones for simplicity. 

The isochrone solutions take the constraints provided by 
the field-decontaminated CMD morphology into account, 
allowing as well for variations due to photometric uncer- 
tainties (which are small, because of the restrictions im- 
posed in Sect. [3]), the presence of binaries (which tend to 
produce a redwards bias in the MS), and differential redden- 
ing (especially for Muzziol and Mayer 1). We begin with 
the isochrones set for zero distance modulus and redden- 
ing, and apply shifts in magnitude and colour until a sat- 
isfactory (judged by visual inspection) fit is obtained. In 
this sense, any isochrone that occurs within the photomet- 
ric error bars is taken as acceptable, and the adopted age 
and uncertainty simply refiects the acceptable range. The 



http://stev.oapd.inaf.it/cgi-bin/cmd - computed for the 
2MASS filters, these isoc hrones are very similar to the Johnson- 



Kron-Cousins ones fe.g. iBessel Brettlfl 988), with differences 



of at most 0.01 mag in colour ([Bonatto, Bica Girardi.2QQ4i V 
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Fig. 4. CMDs of the probable asterisms Dolidze 39, BH 79, 
and Ru 103. 



adopted fits are shown in Figs. [T] to [3l and the respective 
parameters are given in Table [H 

A first look at the decontaminated CMDs suggests OCs 
in a wide variety of evolutionary stages together with some 
asterisms. In particular, the presence of somewhat evolved 
(in different degrees) OCs is suggested by the well-defined 
CMD morphologies containing giant clumps and red giant 
branches that show up in some clusters (Figs. [1]- [3|). This 
is particularly true for Pismisl2 (d© ~ 1.9kpc, ~ 1.3 Gyr), 
IC1434 (- 2.6 kpc, - 800 Myr), Juchert 10 (- 3.2 kpc, 
- 800 Myr), and Ru30 (- 5.4 kpc, - 400 Myr). Pismisl2, 
IC 1434, Juchert 10, and Ru30 also appear to contain some 
blue-stragglers. To this group we can also add Muzzio 1 
(- 1.3 kpc, - 5 Myr) and Mayer 1 (- 2.2 kpc, - 10 Myr), 
which are ECs still containing plenty PMS stars (Fig. [2j). 
Less populous but still showing evidence of being OCs are 
NGC3519 (- 2.0kpc, - 400 Myr), the relatively nearby 
Herschell ('^ 0.35 kpc, ~ 300 Myr) and the distant and 
oldest case of the sample, Ru 140 (~ 3.5 kpc, ~ 4 Gyr). At 
a lower degree we have the borderline cases, i.e. those with 
ambiguous (i.e. morphology not well defined, low statis- 
tics, etc) CMDs: Ru 146 (- 1.9 kpc, - IGyr), Ru 130 
(- 0.9 kpc, - 100 Myr), and Ru 129 (- 2.7 kpc, - 500 Myr). 
Finally, Dolidze 39, BH79, and Ru 103 appear to be aster- 
isms (Fig. 13]). In Sect. [6] we will couple the CMD properties 
to the structural analysis for establishing the nature of the 
targets. 




10 0.1 1 10 0.1 
R (arcmin) 

Fig. 5. Stellar RDPs before (dotted line) and after (cir- 
cles) applying the colour-magnitude filters. Also shown is 
the best-fit King-like profile (solid line), the la uncer- 
tainty (light-shaded region) and the residual background 
level (shaded polygon). The gap in the RDP of Juchert 10 
is from a "hole" in 2MASS photometry, due to some very 
bright stars projected nearby. 



Muzzio 1 and Mayer 1 present CMDs dominated by 
PMS stars (Fig. [2]). In both cases, the rather poorly- 
populated and nearly vertical (decontaminated) MS ac- 
cepts any isochrone of age within the range 1 — 10 Myr 
as a reasonable fit. A similar age spread is obtained for 
the PMS stars (allowing as well for the differential red- 
dening), which are basically contained within the 0.2 Myr 
and 10 Myr (20 Myr in the case of Mayer 1) isochrones. 
This means that the first stars may have started to form 
~ 10 Myr and ~ 20 Myr ago in Muzzio 1 and Mayer 1, re- 
spectively, with an equivalent time spread for the star for- 
mation. Thus, we adopt ~ 5 Myr as the age of the bulk of 
the stars in Muzzio 1, and 10 Myr for Mayer 1. 

5. Structural analysis 

Probable member stars of each target are isolated by apply- 
ing the respective colour-mag nitude filteiB (Figs. □ to Ej). 
These filters are designed according to the most probable 
CMD morphology; essentially, they surround the decontam- 
inated CMD sequences. These stars are used to build the 
RDP, which is the projected stellar radial density profile. 



Which is wide enough to include MS (and PMS, for the very 
young clusters) stars, photometric uncertainties, and binaries. 
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In previous papers (e.g. iBonatto fc Bical r2QlQal) . we have 
shown that this procedure enhances the RDP contrast rel- 
ative to the background, especially in crowded fields. 

Both sets of RDPs (before and after applying the colour- 
magnitude filters) are shown in Fig. [5l where the contrast 
enhancement due to the filtering is clearly seen in varying 
degrees. We have tried to fit these RDPs with the function 
cr{R) = aijg + cro/(l + (R/Rc)'^), where ctq and a^g are the 
central and residual fore/background stellar densities, and 
Rc is the core r adius. This function is similar to that applied 
bv lKingI (|l962f ) to the surface-brightness profiles in the cen- 
tral parts of globular clusters, although here we use it on 
star countf^. However, only in 6 cases (IC 1434, Pismis 12, 
JuchertlO, Ru30, Mayer 1, and Muzziol) the fitting con- 
verged towards a meaningful solution. The best-fit solutions 
are shown in Fig.O and the structural parameters are given 
in Tabled NGC3519, Herschell, and Rul46, have RDPs 
that marginally could be represented by the King-like func- 
tion, but the error bars and RDP fluctuations prevented 
that. To a lesser degree, the same applies to Ru 129,130,140. 
On the other hand, Dolidze39, BH79, and Rul03, have 
RDPs typical of asterisms (e.g. Bonatto & Bica 2008b). 

We also use the RDP and background level to estimate 
the cluster radius i^RDP (Table [2]), defined as the distance 
from the cluster centre where RDP and residual background 
are statistically indistinguishable. In this sense, Rrbp is an 
observational truncation radius, whose value depends both 
on the radial distribution of member stars and the field 
density. 

6. Summary and conclusions 

In this paper we investigate the nature of 15 challenging 
stellar overdensities that, in general, have conflicting clas- 
sifications (star cluster or asterism) in different studies. 
With a few exceptions, the targets are poorly-populated 
and/or projected against very dense backgrounds, which 
might explain the difficulty in establishing their nature. 
They are: IC 1434, Mayer 1, Herschel 1, Muzzio 1, Pismis 12, 
NGC 3519, Juchert 10, Dolidze 39, BH 79, Ruprecht 30, 103, 
129, 130, 140, and 146. 

Our approach involves photometric properties derived 
from field-star decontaminated CMDs, and structural pa- 
rameters, derived from highly-contrasted and large-scale 
RDPs. The field decontamination, in particular, has proven 
to be essential for deeper analyses on the nature of the 
targets. This point is particularly obvious when one con- 
siders the RDPs (Fig. [5j). Prior to field decontamination, 
most RDPs are similar to those produced by asterisms. In 
contrast, by eliminating most of the field stars, the decon- 
taminated RDPs of a few cases could be represented by a 
King-like profile, thus suggesting a cluster. At this point we 
note that an objective criterion for unambiguous classifying 
the overdensities would be interesting. However, given the 
rather different distances, number of member stars, field 
contamination level, etc, such a criterion based only on 
the RDP does not seem feasible, since a faint star clus- 
ter may have an RDP resembling that of an asterism. In 
this sense, we apply a subjective selection criterion based 
on both properties, the decontaminated CMD morphology 

Given the relatively low number of member stars, RDPs are 
expecte d to present lower fluct uations than surface-brightness 
profiles (jBonatto k Bicall2008al ). 



and RDP. As usual, preference is given to the CMD. Based 
on this criterion, the targets can be grouped in the three 
categories below. 

Open and embedded clusters: This group is composed 
by Pismis 12, IC 1434, JuchertlO, Ruprecht 30, NGC 3519, 
Herschel 1, Mayer 1, and Muzzio 1, the latter two being ECs. 
Their decontaminated CMDs (Figs. [1] and [2]) present evolu- 
tionary sequences of OCs and ECs at different evolutionary 
stages. Their ages range from 300 Myr to 1.3 Gyr, except 
for the young ones Mayer 1 and Muzzio 1 that, with ages 
within 5-10 Myr, have CMDs dominated by PMS stars. The 
RDPs are well represented by a King-like profile, except for 
Herschell and NGC 3519, whose RDPs present significant 
deviations. 

Borderline cases: Members of this group are 
Ruprecht 129, 130, 140, and 146. They have ambigu- 
ous CMDs, i.e., although rather poorly-populated, the 
decontaminated sequences appear to suggest star clusters. 
However, because of the low statistics, no definitive conclu- 
sion can be drawn. Also, their RDPs cannot be represented 
by the King-like profile. Thus, deeper photometry is 
required. 

Probable asterisms: Both the CMDs and RDPs of 
Dolidze 39, BH79, and Ruprecht 103, appear to arise from 
field fiuctuations. Thus, the photometric and structural cri- 
teria indicate that they are asterisms. 

A general conclusion is that, in some cases, only a thin 
line separates properties of star clusters and asterisms (field 
fiuctuations), owing to a low-stellar population, dense field- 
contamination residuals, and/or significant diflFerential red- 
dening. It is clear that specific analytical tools may be nec- 
essary to establish the nature of these diflficult cases. Field- 
decontaminated CMDs and RDPs, which provide a deep 
and more constrained investigation, appear to be essential 
for this task. 

Acknowledgements 

We thank an anonymous referee for important com- 
ments and suggestions. We acknowledge support from 
the Brazilian Institution CNPq. This publication makes 
use of data products from the Two Micron All Sky 
Survey, which is a joint project of the University of 
Massachusetts and the Infrared Processing and Analysis 
Centre/California Institute of Technology, funded by the 
National Aeronautics and Space Administration and the 
National Science Foundation. We also employed the 
WEBDA database, operated at the Institute for Astronomy 
of the University of Vienna. The SIMBAD database, oper- 
ated at CDS, Strasbourg, France, has also been useful. 

References 

Aitken R.G. 1932, in New general catalogue of double stars within 
120° of the North Pole, Carnegie Inst. Washington D.C. Publ. 417 

Alessi B.S., Moitinho A. & Bias W.S. 2003, A&A, 410, 565 

Alter G., Balazs B., Teutsch J. & Vanysek J. 1970, in Catalogue of 
Star Clusters and Associations, Budapest Akademiai Kiado, 2nd 
Edition, ed. by Alter G., Balazs B. &; Teutsch J. 

van den Bergh S. &; Hagen G.L. 1975, AJ, 80, 11 



8 E. Bica and C. Bonatto: Star cluster or asterism: case studies 



Table 2. Structural parameters derived from the RDPs 



Cluster 


cro 


Rc 


Rkbp 


1' 


cro 


Rc 


Rkbp 








n 





(pc) 
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Table Notes. Col. 5: arcmin to parsec scale. Col. 9: Number of stars in the core {Nq = ctq x tt Rc'^) estimated from the King fit 
parameters. For comparison with other clusters, the King-like central stellar density (ctq), core radius (Rc), and cluster radius 
(-Rrdp) are given both in angular and absolute units. Uncertainties in cols. 7 and 8 include the errors in distance determination. 
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Appendix A: DSS/XDSS images 

The images have been taken from CADC Sky Survey, with 
a field of view adequate to the angular dimension of each 
target. The same applies to the image band. 
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Fig. A.l. CADC images of the targets. Clusters are shown from left to right. First row: IC 1434 (B, 15' x 15'), Mayer 1 
(B, 20' X 20'), Herschell (B, 20' x 20'); Second row: Ru30 (B, 10' x 10'), Muzzio 1 (R, 15' x 15'), Pismis 12 (B, 10' x 10'); 
Third row: NGC3519 (B, 10' x 10'), Juchert 10 (I, 10' x 10'), Rul40 (I, 10' x 10'); Fourth row: Rul46 (B, 10' x 10'), 
Rul30 (R, 6' X 6'), and Rul29 (R, 10' x 10'). 
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Fig.B.l. 2MASS Ks images of Mayer 1 (5' x 5^, Muzzio 1 (5' x 5^, and Juchert 10 x 60- 



Appendix B: 2MASS images 

Near-infrared (Kg) images of optically absorbed clusters 
(Table [I]). 



